INTRODUCTION
The importance of breast cancer screening is undeniable. Early detection of cancer significantly reduces mortality and often enables breast-conserving surgery [1] . Although mammography is the gold standard for breast cancer screening in the general population, dense breast composition may make breast cancer more difficult to detect. In addition to mammography, ultrasound (US) has been widely used in the screening of breast cancer because of the ability of breast US to depict an occult malignancy in women with negative mammography results [2] [3] [4] [5] . Many studies have shown that US increases the sensitivity of screening if used as an adjunct to mammography in women having dense breasts [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The addition of whole-breast US to screening mammography in women with an elevated risk of breast cancer increases cancer detection by 4.2 cancers per 1,000 women [12] . Moreover, whole-breast screening US helps diagnose more women with nonpalpable invasive cancers, especially when no other cancers are detected in them by using other screening modalities [6] . The breasts of Asian women are relatively smaller and denser than the fatty, larger breasts of Western women [14] [15] [16] , and screening US has become the preferred routine screening tool for patients with dense breasts.
One of the biggest issues is the unacceptably high frequency of category 3 lesions, according to the American College of Radiology (ACR) Breast Imaging Reporting and Data System
Purpose: This study assessed the incidence and cancer rate of probably benign lesions detected on bilateral whole-breast screening ultrasound (US), which corresponded to US Breast Imaging Reporting and Data System (BI-RADS) category 3, and evaluated the proper management of those lesions. Methods: This study was approved by the Institutional Review Board in our institution, which waived informed patient consent. We retrospectively reviewed US images of 1,666 patients who underwent bilateral whole-breast screening US as a supplemental screening test to negative screening mammography or screening US only. The incidence, clinical course, and cancer rate of screening USdetected probably benign lesions corresponding to US BI-RADS category 3 were investigated, and the size and multiplicity of screening US-detected category 3 lesions were evaluated. Results: Probably benign lesions corresponding to US BI-RADS category 3 were detected in 689 of 1,666 patients (41.4%) who underwent screening US. Among them, 653 had follow-up US images for at least 24 months, and among these 653, 190 (29.1%) had multiple bilateral category 3 lesions. Moreover, 539 of 1,666 patients (32.4%) had lesions ≤ 1 cm in size and 114 of 1,666 (6.8%) had lesions > 1 cm (median, 0.82 cm; range, 0.3-4.2 cm). Four of the 653 patients (0.6%) showed suspicious interval changes and were categorized into BI-RADS category 4. Biopsy analysis confirmed only one lesion as invasive ductal carcinoma at the 6-month follow-up; another lesion was an intraductal papilloma and the remaining two were fibroadenomas. Overall cancer rate of the screening US-detected BI-RADS category 3 lesions was 0.2%. Conclusion: The incidence of category(BI-RADS), detected on US in asymptomatic patients [17] . Previous studies have shown that the incidence of probably benign lesions in bilateral whole-breast screening US can be as high as 36.9% and 33.6% in the general population [4, 18] . We have been recommending short-term US follow-up for all patients with these benign-looking lesions, but it greatly increases treatment cost as well as the false-positive rates.
Despite the increased number of whole-breast screening US tests and screening US-detected category 3 lesions, a few studies have evaluated the outcome and risk of category 3 lesions detected on screening US [19] [20] [21] . One recent paper based on the American College of Radiology Imaging Network 6666 trial results documented the outcome of screening US-detected category 3 lesions, but the study was performed in women with increased breast cancer risk and dense breasts [19] . Therefore, we considered investigating the outcome of the BI-RADS category 3 lesions detected on screening US with longterm follow-up and drafting management guidelines for these lesions.
The purpose of this study was to assess the frequency and cancer rate of probably benign lesions detected on wholebreast screening US, which corresponded to US BI-RADS category 3 lesions, and to evaluate the proper management of such lesions.
METHODS
This study was approved by the Institutional Review Board of the Samsung Medical Center (IRB number: SMC 2012-02-019), which waived informed patient consent.
Patients
We retrospectively reviewed the US images of 1,666 consecutive patients who underwent bilateral whole-breast screening US as a supplemental screening to a negative screening mammography (BI-RADS category 1 or 2) (n = 1,621), or who underwent whole-breast screening US only (n = 45) at the health promotion center of our hospital. Among the 1,621 patients who had additional whole-breast screening US with negative screening mammography results, 1,258 (77.6%) had a dense breast composition (ACR BI-RADS grade 3, 4) and 363 (22.4%) had a fatty composition (ACR BI-RADS grade 1, 2). The age of the patients ranged from 30 to 76 years (median age, 49.5 years). Among the 45 patients who had undergone whole-breast screening US only, 27 (60.0%) were aged ≤ 40 years and 18 (40.0%) were over 40 years of age but did not want to undergo mammography for fear of pain or a recent negative mammography result obtained at another facility.
The women enrolled in this study were healthy and asymptomatic subjects with an average risk of breast cancer and mainly dense breasts. Only 10 of the 1,666 patients (0.6%) had a personal history of previous breast cancer, and only 18 (1.1%) had a family history of breast cancer.
Ultrasound imaging
All patients underwent bilateral whole-breast screening US performed by one of the five board-certified breast-dedicated radiologists. These radiologists were aware of the results of the screening mammography and had reviewed the mammograms before performing the breast US. We used the HDI 5000 US scanner (Advanced Technology Laboratories, Bothell, USA) or the LOGIQ 700 US scanner (GE Medical Systems, Milwaukee, USA) equipped with a 12-to 5-MHz linear-array transducer.
Analysis of images and follow-up data
Two board-certified breast radiologists (with 5 years and 12 years of experience in breast US) who did not perform the whole-breast screening US retrospectively reviewed the 1,666 US images. In cases with positive US findings, the lesions were analyzed according to the BI-RADS lexicon and categorized according to the BI-RADS final assessment category after reaching consensus. At the time of the review, the readers were blinded to the mammographic findings, which were categorized as BI-RADS 1 or 2, or the result of prior screening US examinations. The US criteria used to define BI-RADS category 3 lesions were a solid mass with circumscribed margins, oval shape and horizontal orientation, most likely a fibroadenoma, nonpalpable complicated cysts, and clustered microcysts. According to the management guidelines of the ACR, these lesions were to be followed up for 6, 12, and 24 months.
We analyzed the incidence of BI-RADS category 3 lesions detected on whole-breast screening US and evaluated the clinical course of these lesions as well as the cancer rate by analyzing the follow-up clinical and US data of patients with such lesions. We also evaluated the size ( ≤ 1 cm vs. > 1 cm) and multiplicity (multiple bilateral lesions or not) of the screening US-detected BI-RADS category 3 lesions. Multiple bilateral lesions were defined as lesions with the same US findings in both breasts and multiple lesions in at least one breast.
RESULTS
Among the 1,666 patients who underwent bilateral wholebreast screening US, 689 women (41.4%) had category 3 lesions (Figure 1 ). Follow-up US images for more than 24 months were present in 653 of 689 patients (94.8%). We excluded 36 patients who had either no follow-up US data or a follow-up period < 24 months. Finally, we analyzed the clinical courses and cancer rate of the remaining 653 patients. One hundred and ninety patients (29.1%) had multiple bilateral category 3 lesions, and we evaluated the representative lesion in each of those patients. The lesions were ≤ 1 cm in size in 539 of 1,666 patients (32.4%) and were > 1 cm in 114 of 1,666 (6.8%) (median, 0.82 cm; range, 0.3-4.2 cm). Among the 653 patients, 10 had lesions that were complicated cysts and 643 had lesions that were solid masses. The US findings of 653 category 3 lesions are shown in Table 1 .
After the 24-month follow-up, lesions in 592 patients (90.7%) showed no interval change or decrease in size, and had converted to BI-RADS category 2 lesions (Figure 2 ). Lesions in 57 patients (8.7%) showed a subtle change in size, shape, or echogenicity, but no significant interval change defined as a < 20.0% interval growth rate; moreover, their US category remained unchanged as category 3 after 24 months (mean follow-up period, 54.6 ± 15.7 months). In total, 31 lesions were biopsied after initial screening US or during followup for several reasons, including a request from the physician (n = 20) or the patient (n = 7) and suspicious interval change (n = 4). Four women (0.6%) with US-detected category 3 lesions showed suspicious interval change of morphology or significant increase in the size of the lesions. They had converted to BI-RADS category 4 lesions during the follow-up period. Two of these lesions had morphological changes, one lesion had increased in size, and one lesion had morphological changes and increase in size. Only one lesion was confirmed as an invasive ductal carcinoma at core needle biopsy after a 6-month follow-up US (Figure 3 ). This patient underwent partial mastectomy, and pathological analysis of the surgical specimen revealed a 1.2 cm sized invasive ductal carcinoma without lymph node metastasis (T1N0M0). The overall cancer rate of patients who had US-detected BI-RADS category 3 lesions was 0.2% (1/653). The other three lesions, which had converted to category 4 lesions, were confirmed as intraductal papilloma (n = 1) and fibroadenomas (n = 2) (Figure 4) after US-guided core needle biopsy. Of the two patients with fibroadenomas, one underwent excisional biopsy and the other underwent a follow-up US. The patient with intraductal papilloma underwent a mass excision. The pathological results after surgical excisions were identical to those of the results of core needle biopsies.
DISCUSSION
Bilateral whole-breast screening US has several drawbacks including the long time to perform bilateral whole-breast US [12] , higher expense of US examination than mammography [22] , and higher false-positive rates [23] . Moreover, the positive predictive value of biopsy analysis of lesions identified on screening US is 8.9%, whereas it is 22.6% for mammography [12] . The high frequency of BI-RADS category 3 lesions is another problem, which will increase the number of breast US examinations, time for examinations, and costs. The reported rate of BI-RADS category 3 lesions on bilateral whole-breast screening US ranges from 20.2% to 33.6% [18, 19, 24] . The detection rate of BI-RADS category 3 lesions in our study was 41.4%.
In our screening population, additional cancers were found in 10 of 1,666 patients (0.6%) who underwent bilateral wholebreast screening US. The follow-up results of the screening US-detected BI-RADS category 3 lesions revealed a cancer rate of 0.2% (one of 653 patients), and that patient had a T1N0M0 stage cancer. Barr et al. [19] reported that the overall cancer rate for BI-RADS category 3 lesions was 0.9% (six of 636 lesions) in women with increased breast cancer risk, and Moon et al. [24] reported that the cancer rate of BI-RADS category 3 lesions was 0.2% in their study that included both screening and diagnostic breast US. The results of our study showed much lower cancer rates for BI-RADS category 3 lesions, because we mainly screened women with an average risk of breast cancer. These data indicate that the short-term follow-up US for screening US-detected BI-RADS category 3 lesions did not help detect more cancers. BI-RADS category 3 final assessment of breast US was introduced for the lesions detected on diagnostic evaluations, and not for the lesions detected by bilateral whole-breast screening US. As the present results indicate, it is difficult to expect that the lesions detected on screening US would show the same outcomes as diagnostic US-detected category 3 lesions, which have palpable abnormality, bloody nipple discharge, or mammographic abnormality [25, 26] .
The cancer rate of screening US-detected category 3 lesions in our study (0.2%) is lower than that of Kim et al. [18] who reported a cancer rate of up to 0.8%. However, the latter rate could have possibly reflected the higher percentage of highrisk patients in that study. In their study, 22.1% of the subjects were high-risk women, whereas in our study, the percentage was only 1.7%. They also included 20.0% women who had a personal history of breast cancer; this percentage was only 0.6% in our study. Considering the overall cancer rate of coexisting category 3 lesions in patients with known breast cancer was 11.4% [27] , the malignancy potential of category 3 lesions detected on screening of normal healthy women and screening after breast cancer surgery might be different, especially if the percentage of women who have undergone breast-conserving surgery is higher.
Our study has some limitations. First, it was a retrospective analysis of previously acquired US images, and there is a possibility that the actual assessment of the lesions may have differed. Some existing radiologic reports did not follow the BI-RADS reporting system, and they categorized all small-sized solid lesions or multiple, bilateral probably benign nodules as category 2 lesions. Therefore, we had to review all of the images retrospectively and had to reassess the lesions with homogeneous and strict criteria. To overcome interobserver variation, two experienced breast radiologists analyzed the images and reached consensus. Second, this was a cross-sectional analysis of the US findings of whole-breast screening US conducted at one time; some of our patients had undergone previous breast screening US. This could decrease the cancer rate of category 3 lesions. However, the overall cancer rate of screening US-detected lesions was 0.6%, and the incidence of cancer in our study was not lower than that of other previous studies [2] [3] [4] 6, 8, 28, 29] . Third, the patients enrolled in our study had not undergone US examination according to the same schedule. Breast US had been conducted three or more times in some patients, while being done only two times in other patients at the end of 24 months or after 24 months. Finally, we tried to identify any specific characteristics such as size, multiplicity, bilaterality, or specific US features that could decrease or increase the risk of malignancy of screening US-detected probably benign lesions. However, that was impossible be-cause only one patient with a category 3 lesion developed cancer during the follow-up period; moreover, the lesion had no specific US feature. A suspicious interval change on the followup US examination was the most important finding.
In conclusion, our study has shown that the incidence of lesions corresponding to BI-RADS category 3 of diagnostic breast US was very high on bilateral whole-breast screening US, but the cancer rate was very low. We suggest that in an average-risk population, routine screening US is preferable over short-term follow-up for screening US-detected BI-RADS category 3 lesions.
